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Background: Treatments of non-small-cell lung cancer (NSCLC)— particularly of the squamous subtype— are limited. 
In this article, we describe the immunomodulatory environment in NSCLC and the potential for therapeutic targeting of 
the immune system through cytotoxic T-lymphocyte antigen 4 (CTLA-4) and programmed death- 1 (PD-1) immune- 
checkpoint pathway blockade. 

Materials and methods: We searched PubMed and presented abstracts for publications describing the clinical 
benefit of checkpoint blockade in NSCLC. 

Results: Antibody-mediated checkpoint molecule blockade is being investigated in NSCLC, and of these approaches, 
the anti-CTLA-4 antibody ipilimumab has undergone the most extensive clinical study. By targeting the immune system 
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rather than specific antigens, checkpoint blockade agents differ from vaccine therapy. In a phase II study in advanced 
NSCLC, phased ipilimumab with chemotherapy demonstrated the greatest efficacy in squamous NSCLC. A phase I 
study of nivolumab, an anti-PD-1 antibody, has suggested that this agent is also active against squamous and non- 
squamous NSCLC. Ongoing phase III studies are evaluating the therapeutic potential of these agents. 
Conclusions: Although treatment options for NSCLC are limited, a better understanding of the immune profile of this 
disease has facilitated the development of immunotherapeutics that target checkpoint blockade molecules, and clinical 
evaluation to date supports combining checkpoint blockade with chemotherapy for squamous NSCLC. 
Key words: CTLA-4 blockade, immunomodulators, ipilimumab, non-small-cell lung cancer, squamous histology 



introduction 

'Lung cancer', which is usually diagnosed at an advanced stage, 
has a dismal prognosis and is the leading cause of cancer 
deaths worldwide (over 1.4 million deaths in 2008) [1, 2]. In 
the United States, it is estimated that over 221 000 new cases of 
lung cancer were diagnosed in 2011, and that ~157 000 people 
died of the disease [3]. In Europe, lung cancer was the third 
most common cancer in 2006 [4], with a crude incidence of 
52.5/100 000 per year, and the mortality 148 000 per year [5]. 
Thus, the disease burden of lung cancer is considerable. 

The two major types of lung cancer are non-small-cell lung 
cancer (NSCLC), which accounts for 80%-85% of all cases; 
and small- cell lung cancer, which accounts for the remaining 
15%-20% [1, 3, 5, 6] NSCLC is further classified into subtypes 
based on histology, with ~30% of cases being squamous-cell 
carcinoma. The remaining 70% may collectively be classified as 
non-squamous NSCLC; most of these tumors are 
adenocarcinomas, but this group also includes large-cell 
carcinomas and less well-differentiated variants [1, 7, 8]. 

Recent advances in targeted therapy for NSCLC have 
augmented treatment choices for non-squamous NSCLC [9], 
but chemotherapy remains the therapeutic mainstay for 
squamous NSCLC. The use of pemetrexed in doublet 
chemotherapy regimens is only recommended for non- 
squamous NSCLC, based on a phase III randomized trial of 
gemcitabine-cisplatin versus pemetrexed-cisplatin, which 
demonstrated superior survival for pemetrexed-cisplatin in 
advanced NSCLC of non-squamous (but not squamous) 
histology [10]. Other targeted therapies with substantial 
clinical benefit in non-squamous NSCLC may have limited use 
in the squamous subtype due to a greater risk of serious 
toxicity (bevacizumab) [11, 12] or the possibility of reduced 
efficacy (erlotinib and gefitinib) [13, 14]. Thus, chemotherapy 
with carboplatin-paclitaxel (Taxol, Bristol-Myers Squibb) 
remains the standard first-line treatment for squamous NSCLC 
in the United States [9], whereas in Europe, platinum-based 
combination therapy with a third-generation agent (i.e. 
gemcitabine) is preferred and widely used [6]. 

Ongoing research is revealing clinical and molecular 
differences between squamous and non-squamous NSCLC 
which may help to explain these divergent phenotypes and 
may impact treatment decisions. These findings have also 
provided the impetus for researchers to explore novel 
therapeutic approaches to treating squamous NSCLC, and one 
of these approaches is immunotherapy. Circulating immune 
cells may have the ability to recognize, infiltrate and eliminate 
some incipient cancer cells, but some evade immune 
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surveillance and immune system-mediated cell death [15]. 
Recent studies have improved our understanding of the 
molecular basis for this phenomenon, and have aided in the 
identification of anticancer approaches that act by modulating 
the immune system directly. In this review, following a brief 
discussion of the immunomodulatory environment in NSCLC, 
we will focus on the potential to target the immune system by 
blockade of two immune-checkpoint pathways in squamous- 
cell NSCLC: cytotoxic T-lymphocyte antigen 4 (CTLA-4) 
[16, 17] and programmed death-1 (PD-1) [18]. 

the role of the immune system in 
carcinogenesis 

Immune surveillance involves cell types in both branches of 
the immune system: innate [e.g. natural killer (NK) cells] and 
adaptive [e.g. CD8+ cytotoxic T-lymphocytes (CTLs), CD4+ 
T-helper cells] (Figure 1) [19, 20]. The observed tumor- 
infiltrating lymphocytes (TILs) altered cytokine profiles in 
NSCLC suggest that a host-mounted, antitumor immune 
response against the tumor occurs, but growth and progression 
continue in spite of this response [21]. 

Tumors may induce immune tolerance or resist destruction 
by activated immune effector cells through multiple proposed 
mechanisms [21]. A number of human tumors (including lung 
tumors) repress modulation of the adaptive immune system 
[e.g. reduced expression of class I major histocompatibility 
complex (MHC) molecules] [21] and the innate immune 
system (e.g. downregulation of activating NK ligands such as 
NKG2D [22] and overexpression of membrane complement 
regulators, particularly CD46, CD55 and CD59) [23]. 
Moreover, some tumor cell lines avoid Fas-induced apoptosis 
through downregulating Fas receptor cell surface expression, 
which renders them 'invisible' to NK cells or CTLs; by altering 
their expression of proteins that inhibit Fas-induced apoptosis; 
[24, 25] or by secreting a Fas ligand, which binds to Fas on NK 
cells and CTLs and initiates apoptosis in the immune cells 
[24]. 

Characterization of TILs in lung tumors has revealed that 
these immune cells, initially thought to be exclusively CTLs, 
also include regulatory T cells (T regs ). Some tumor cells secrete 
the chemokine CCL, [22] which attracts T regs to the tumor site 
[26]. As a consequence, antitumor activity of effector T cells 
may be blunted [26]. Clinically, the prognosis of several solid 
tumors (including ovarian, endometrial, nasopharyngeal, and 
NSCLC) is correlated to the ratio of CTLs to T regs within the 
TIL population [27-30]. 
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Figure 1. Crosstalk between immune cells and cancer cells [20]. (Adapted and reprinted with permission from Copyright Clearance Center [20]) DC, 
dendritic cell; HSP, heat shock protein; IL, interleukin; MHC, major histocompatibility complex; NK, natural killer. 



Tumor cells also promote an anti-inflammatory state that 
supports tumor growth. For example, tumor cells may secrete 
interleukin- 10 (IL-10) and transforming growth factor-fi 
(TGF-fS), which have immunosuppressive effects on effector 
T-lymphocytes and macrophages [31, 32]. Tumor-secreted 
cytokines may also stimulate the recruitment of macrophages, 
which have phenotype-contingent anti- and pro-tumor activity 
(Ml versus M2) [33]. Early in tumor development, Ml 
macrophages exposed to interferon-gamma (IFN-y) have 
tumoricidal activity, but macrophages activated in response to 
tumor cell products, including IL-10, have the M2 phenotype 
and may promote tumor growth [33]. Some products of 
macrophages (IL-1, TNF and IL-6) may also promote 
metastasis [33]. 

immunomodulatory mechanisms in 
NSCLC 

Tissue samples from patients with NSCLC are duplicitous, 
displaying signs not only of an ongoing immune response to 
the tumor, but also indications of an immunosuppressive 
microenvironment that may serve to limit this response [34]. 
The non-tumoral stroma, composed of fibroblasts and 
extracellular matrix components, endothelial cells, and 
angiogenic factors, also contains inflammatory cells [35]. Two- 
thirds of these inflammatory cells are lymphocytes, primarily T 
cells (80%) [35]. The nature of the immune cells within the 
tumor tissue may have profound clinical implications. Higher 
numbers of TILs have been strongly associated with a survival 
benefit regardless of disease subtype [36-39]. T regs may be a 
particularly important prognostic indicator, as NSCLC tumors 
have more T regs than normal lung tissue, and the T reg /CTL 



ratio is a significant predictor of recurrence [30]. In squamous 
NSCLC, a higher proportion of T regs significantly increased the 
risk of tumor recurrence (p = 0.0148) [30]. It is thought that 
the antitumor response and tumor progression associated with 
high numbers of T regs in NSCLC occurs through production of 
IL-10 and TGF-|3, which may inhibit reactive T cells [40-44]. 



subtype specificity of NSCLC and the 
immune system: squamous NSCLC 

Emerging evidence points to an immunologic profile for 
NSCLC that is at least partially subtype specific. Squamous-cell 
carcinoma displays a highly consistent immune profile, in 
terms of expression of such molecules as p63/CK5/6/34bE-12 
and non-expression of thyroid transcription factor- 1. In 
contrast, adenocarcinoma shows more heterogeneity for these 
and other immune elements [45]. Several separate analyses of 
NSCLC tumor samples from clinical trials have identified that 
squamous tumors more frequently express known tumor 
antigens [i.e. melanoma-associated antigen (MAGE)-A3, 
MAGE-A4 and NY-ESO-1, compared with non-squamous 
tumors] [46, 47]. Other tissue sample studies have reported a 
less extensive infiltration of T regs and a more extensive 
infiltration of CD8+ effector cells in squamous tumors 
compared with non-squamous tumors [48, 49]. 

Recent studies suggest that various immune markers may 
have prognostic values in some subtypes of NSCLC but not 
others [50]. Although not fully characterized, these differences 
may affect the clinical activity of at least some of the 
immunotherapeutic approaches discussed in the next section. 
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modulating immune responses against 
NSCLC 

Immunotherapy boosts the host antitumor immune response 
by 'enhancing the enhancers' (enabling components of the 
immune system to mount or maintain an effective response) or 
'inhibiting the inhibitors' (suppressing factors that dampen or 
prevent the immune response) [51]. The former approach 
includes administration of effector cytokines, such as IL-2 or 
IFN-a, dendritic cell vaccination, injection of CTLs or 
activated NK cells, or vaccination with tumor-associated 
antigen peptides or vectors, with the goal of generating or 
strengthening the antitumor immune response [51]. 

Examples of approaches to inhibit the inhibitors include 
blocking T reg cell function and blocking cytokine signaling 
pathways, with the goal of overturning peripheral tolerance to 
the tumor. Another promising investigational approach 
involves augmenting the existing antitumor immune responses 
through blockade of inhibitory 'checkpoint pathways' (i.e. 
natural mechanisms that serve to limit the immune response), 
and this approach will comprise the remainder of this article 
[51]. 

immune checkpoint blockade 

A major component of immune defense against tumors occurs 
in the lymph nodes, where T cells encounter tumor antigens. If 
this encounter leads to activation, the activated T cells then 
circulate to the tumor site where they can recognize, and 
hopefully eliminate, tumor cells [19, 21]. At least two 
receptor-ligand interactions are required for full T-cell 
activation: (i) T-cell receptor recognition of its cognate ligand 
presented in the context of an MHC and (ii) a second 
co-stimulatory signal transmitted from the antigen-presenting 
cells (APCs) expressing the MHC-peptide to the T cell [52]. 
This second signal is transmitted from the B7-1 and/or B7-2 
molecules on the APC to the CD28 molecule on the T-cell 
[52]. 

There are several checkpoints in place to moderate this 
nascent immune response, with the goal of suppressing 
inappropriate responses to 'self antigens and damage to 
normal tissue. Because some tumors also engage these 
checkpoint pathways to escape antitumor immune responses, 
checkpoint molecule blockade is being pursued as a 
therapeutic anticancer strategy. Two examples of immune- 
checkpoint pathways with the potential for therapeutic 
anticancer targeting include the PD-1 and CTLA-4 pathways 
[53]. 

PD-1 and CTLA-4 are similar in structure and are both 
expressed on activated T cells (CTLA-4 is also constitutively 
expressed on T reg cells) [53]. Following the initial T-cell 
activation signal, both molecules interact with ligands on APCs 
to abrogate the resulting immune response. Despite these 
similarities, PD-1 and CTLA-4 have distinct ligand specificities 
and biologic functions; those related to CTLA-4 have been 
studied more extensively (Figure 2) [54, 55]. 

PD-1 interacts with the ligands PD-L1 (B7-H1) and PD-L2 
(B7-DC), which result in diminished T-cell proliferation, 
altered cytokine production and initiation of T-cell exhaustion 
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and/or apoptosis [56]. CTLA-4 binds to B7-1 and B7-2, which 
inhibits interaction of these ligands with the co-stimulatory 
CD28 molecule on the surface of APCs (Figure 2) [57]. 
Evidence to date suggests that CTLA-4 is able to outcompete 
CD28 for binding to B7-1 and B7-2, and it also sequesters B7- 
1 and B7-2 to prevent their interaction with CD28. Moreover, 
independently of CD28, CTLA-4 can dephosphorylate 
intracellular signaling molecules required for T cell activation, 
and it can reduce the time and extent of the T-cell/ APC 
interaction, which transduces a 'reverse' signal to APCs via the 
B7- 1 ligand; in T reg cells, the latter mechanism may serve to 
inhibit the response to an antigen [53, 57]. 

In the context of tumor immunology, CTLA-4 signaling is 
more evident in limiting the initiation of a T-cell response in 
the lymph nodes, while engagement of PD-1 is more 
prominent later in the process and serves to limit T-cell 
activity in the tumor microenvironment [58]. In murine 
knockout models, this difference contributes to distinct 
phenotypes: CTLA-4-deficient mice die within a few weeks 
from multi-organ immune-related reactions, while PD-1 
deficient mice develop organ- specific immune reactions over a 
course of several months [59, 60]. 

In the clinic, the divergent roles of CTLA-4 and PD-1 may 
influence the clinical profiles of anticancer agents that target 
these pathways. Indeed, preliminary clinical observations have 
revealed some differences in the clinical profiles of antibodies 
that bind to either CTLA-4 or PD-1 (discussed in detail for 
patients with NSCLC in the sections below), but to date we 
lack the necessary head-to-head clinical comparisons to fully 
characterize these differences or understand the underlying 
mechanisms. The divergent roles also suggest a potential for 
combining or sequencing CTLA-4 and PD-1 blockade; this 
possibility is under clinical investigation in patients with 
late-stage melanoma (NCT01024231 and NCT01176461). 



clinical relevance of PD-1 inhibition 
in NSCLC 

A phase I study recently assessed the antitumor activity and 
safety of BMS-936558 (now known as nivolumab), a fully 
human IgG4-blocking monoclonal antibody directed against 
PD-1, in 296 patients with advanced solid tumors — including 
melanoma (104), NSCLC (122), renal-cell cancer (RCC) (34), 
castration-resistant prostate cancer (17) and colorectal cancer 
(CRC) (19) [18]. All patients with NSCLC had already received 
platinum-based chemotherapy (94%) or TKIs (34%); 55% had 
received more than three lines of therapy. Patients were treated 
with BMS-936558 at a dose of 0.1-10.0 mg/kg of body weight 
every 2 weeks. Response by modified RECIST criteria was 
assessed after each 8-week treatment cycle, and patients 
received up to 12 cycles until disease progression or complete 
response. 

A maximum-tolerated dose was not defined in this study. 
Eighteen grade 3/4 treatment-related adverse events were 
observed in 41 (14%) patients. Treatment-related adverse 
events of special interest included pneumonitis, vitiligo, colitis, 
hepatitis, hypophysitis and thyroiditis. In patients with 
NSCLC, 14 objective responses were observed at doses of 1.0, 
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Figure 2. The action of CTLA-4 in the T cell. In the resting state (A) CTLA-4 is stored in intracellular vesicles, but upon activation (B) is expressed on the 
cell surface. Binding of CTLA-4 to the B7 ligand on the antigen-presenting cell (APC) prevents B7 from binding to CD28, and blocks intracellular signaling 
that leads to T-cell proliferation [57]. (Adapted and reprinted with permission from the American Association for Cancer Research: Salama AK and Hodi 
FS, Cytotoxic T-lymphocyte-associated antigen-4, Clinical Cancer Research, 2011, Vol. 17, pp. 4622-4628.) APC, antigen-presenting cell; CTLA-4, cytotoxic 
T-lymphocyte antigen-4; HLA B7, human leukocyte antigen B7; TCR, T-cell receptor. 



3.0 or 10.0 mg/kg, with response rates of 6%, 32% and 18%, 
respectively. Objective responses were also observed in NSCLC 
of squamous [6 of 18 patients (33%)] or non-squamous 
histologies [7 of 56 patients [12%)]. All 14 patients with 
objective responses began treatment 6 months or more before 
data analysis, and 8 (of 14) responses lasted 6 months or more, 
suggesting durability of response. Although these preliminary 
data are encouraging, the potential to select patients for 
treatment based on PD-L1 expression in tumors needs to be 
further prospectively validated. Phase III studies of BMS- 
936558 in NSCLC, melanoma and RCC are underway [18]. 



clinical significance of CTLA-4 in NSCLC 

In retrospective meta-analyses, certain polymorphisms in the 
gene encoding CTLA-4 may be associated with increased 
susceptibility to solid tumors, including lung cancer. For 
example, the +49 adenine-guanine polymorphism has been 
found to increase the risk of cancer [17] and is classified as a 
prognostic predictor for advanced NSCLC [61]. Similarly, the 
—318 cytosine-thymine polymorphism has been shown to be a 
risk factor for cancer [17]. While these markers have not yet 
been thoroughly validated in large clinical studies, the 



1174 I Zielinski et al. 



Volume 24 I No. 5 I May 201 3 



Annals of Oncology 



observations do implicate the CTLA-4 pathway's involvement 
in NSCLC. 

CTLA-4 blockade as an investigational anticancer strategy 
differs from antigen-specific immunotherapy vaccines in that it 
is designed to target the entire immune system [62, 63]. The 
exact mechanism by which antibody targeting of CTLA-4 leads 
to tumor cell death is not known. However, cellular analysis of 
antibody-mediated CTLA-4 blockade suggests that direct 
enhancement of T effector cells and concomitant inhibition of 
T re gs both contribute to antitumor activity [64]. Moreover, 
preclinical studies in murine cancer models have demonstrated 
the ability of anti-CTLA-4 antibodies to enhance immune 
responses induced by chemotherapy, radiotherapy, and 
depletion of CD25+ T regs [65]. In the mouse M109 lung cancer 
model, the combination of an anti-CTLA-4 antibody with 
chemotherapeutic agents (i.e. ixabepilone, etoposide and 
gemcitabine) resulted in synergistic antitumor activity that was 
superior to each treatment alone [66, 67]. Animals treated with 
CTLA-4 monoclonal antibody and ixabepilone also rejected a 
subsequent tumor rechallenge, indicative of protective memory 
immune response [66]. These preclinical findings, together 
with the emerging immunologic profile of NSCLC as a disease, 
have bolstered the rationale for the clinical development of 
CTLA-4 antibodies in the treatment of NSCLC. 



therapeutic potential of ipilimumab 
in NSCLC 

The CTLA-4-blocking, fully human monoclonal antibody, 
ipilimumab [68], significantly improved survival as 
monotherapy or in combination with chemotherapy in patients 
with metastatic melanoma, with a manageable safety profile 
[69, 70], ultimately leading to its approval in this setting in 
over 40 countries. Because the mechanism of action of 
ipilimumab is not dependent on tumor cells expressing a 
particular antigenic target, it was reasoned that it may also 
have activity against multiple tumor types for which there is 
evidence of an ongoing antitumor immune response [71]. 
Therefore, clinical trials to evaluate ipilimumab in NSCLC 
were initiated, drawing from emerging knowledge of the 
immune profile of NSCLC and the clinical experience with 
ipilimumab in melanoma. 

In investigations of ipilimumab in melanoma, investigators 
noted that in a minority of cases, response patterns that 
differed from those associated with chemotherapy, although 
responses resembling those of standard therapies were 
observed most of the time [70, 72, 73]. The phase III trials in 
advanced melanoma thus employed immune-related response 
criteria (irRC), derived from World Health Organization 
(WHO) criteria, in order to account for the typical and 
atypical responses to ipilimumab therapy. According to the 
modified WHO (mWHO) criteria, any tumor growth and/or 
appearance of new lesions indicate progressive disease that may 
mean that the treatment has failed; neither the measurement of 
new lesions nor their inclusion as part of the patient's total 
tumor burden is required. The irRC, in contrast, add 
measurable new lesions as they appear to baseline index lesions 
to determine the patient's total tumor burden, which is then 
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compared with baseline tumor burden. This approach is 
designed to account for continued tumor growth during the 
time required for an immune response to develop, or for a 
tumor volume increase due to transient T-cell infiltration (with 
or without edema) into established, radiographically 
undetectable tumor deposits [72, 74]. 

Based on the above learning from advanced melanoma, the 
phase II and III trials of ipilimumab for the treatment of 
NSCLC were designed to evaluate the response to ipilimumab 
using both irRC and mWHO criteria. Trial protocols 
designated a confirmation of PD after 4 weeks, when the 
investigator deemed that an additional 4-week wait was feasible 
for the patient. Of note, however, the irRC have not been 
prospectively validated in clinical studies of ipilimumab in lung 
cancer. Moreover, none of the ipilimumab trials in melanoma 
or lung cancer that have measured outcomes by both mWHO 
and irRC were designed to prospectively validate the irRC, nor 
have they been able to consistently identify a benefit to 
utilizing irRC over mWHO. As such, the utility of irRC is still 
a subject of investigation. It is clear, however, that clinical 
responses to immunotherapy like ipilimumab may sometimes 
differ from responses to standard chemotherapy. As agents like 
ipilimumab becomes more established as an anticancer 
approach, it will be necessary to weigh the possible benefits of 
immunotherapy against the time required to confirm disease 
progression as part of clinical decision making. 

In the NSCLC studies, ipilimumab has been paired with 
chemotherapy, specifically a doublet of paclitaxel and 
carboplatin. A chemo-immunotherapeutic approach was 
adopted for the NSCLC trials, in part because paclitaxel- 
carboplatin is a widely used, reasonably well-tolerated first-line 
regimen in NSCLC. In addition, evidence in cell lines and 
animal models supported the feasibility of combining 
chemotherapy with CTLA-4 blockade through demonstration 
of the following: (i) therapy with taxanes and platinum-based 
compounds may foster release tumor-specific antigens from 
dying tumor cells and improve the immunogenicity of the 
microenvironment [75]; (ii) chemotherapy may sensitize 
tumor cells to lymphocyte killing [76] and (iii) certain 
chemotherapeutic agents and CTLA-4 blockade display in vitro 
synergistic activity [77] as discussed above. 



clinical data on CTLA-4 manipulation by 
ipilimumab in squamous NSCLC 

In a phase II study [78, 79], 204 chemotherapy-naive patients 
with stage Illb/IV NSCLC of all subtypes were given a 
combination of paclitaxel-carboplatin and either ipilimumab 
or placebo [79]. Patients were randomly assigned (1:1:1) to 
receive one of the three induction strategies: one of the two 
different schedules of ipilimumab and chemotherapy ( phased 
or concurrent), or chemotherapy with placebo. In the phased 
schedule, designed to promote potential chemotherapy- 
induced antigen release before ipilimumab addition, 
chemotherapy was given alone for two cycles, followed by 
ipilimumab in combination with paclitaxel-carboplatin for the 
next four cycles, every 3 weeks. In the concurrent schedule, 
designed to ensure that ipilimumab was present as 
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chemotherapy-induced antigen release was occurring, 
ipilimumab was given in combination with paclitaxel- 
carboplatin for the first four cycles, followed by chemotherapy 
alone for the next two cycles, every 3 weeks. Patients in the 
placebo arm received six cycles of chemotherapy with placebo. 
After six cycles of induction therapy, all eligible patients 
received a single dose of the study drug (ipilimumab or 
placebo) every 12 weeks as maintenance therapy [79]. 

The phased schedule of ipilimumab and paclitaxel- 
carboplatin met the primary end point of the study: 
significantly prolonged progression-free survival (PFS) over 
chemotherapy alone, as measured by irRC (irPFS) [5.7 months 
versus 4.6 months, respectively; HR = 0.72; 95% confidence 
interval (CI), 0.50-1.06; P = 0.05] or mWHO criteria (5.1 
months versus 4.2 months, respectively; HR = 0.69; 95% CI, 
0.48-1.00; P = 0.02). Patients in the group receiving phased 
ipilimumab had an immune-related best overall response rate 
(irBORR) of 32% (95% CI, 22% to 45%), compared with 21% 
(95% CI, 13% to 33%) in the group receiving concurrent 
ipilimumab, and 18% (95% CI, 10% to 30%) in the group 
receiving paclitaxel-carboplatin alone. Corresponding BORRs 
using the mWHO criteria were 32%, 21% and 14%, 
respectively, for the three study arms. 

Higher rates of inflammatory events, such as any-grade 
pruritus, rash and diarrhea, were observed in patients who 
received ipilimumab [79]. Grade 3/4 adverse events occurred in 
57% and 54% of patients with the concurrent ipilimumab and 
phased ipilimumab regimens, respectively, versus 40% with 
paclitaxel-carboplatin alone. There were two treatment-related 
deaths reported, one each in concurrent ipilimumab and 
paclitaxel-carboplatin alone arms. The hematologic 
abnormalities observed were those generally anticipated with 
paclitaxel-carboplatin. The most common (>5%) treatment- 
related grade 3/4 adverse events (concurrent versus phased 
versus paclitaxel-carboplatin alone) were fatigue (10% versus 



7% versus 6%) and diarrhea (10% versus 7% versus 4%) 
among non-squamous patients, and nausea (0% versus 5% 
versus 7%), vomiting (0% versus 5% versus 7%) and dyspnea 
(0% versus 0% versus 7%) among squamous patients. Reported 
immune-mediated adverse events involving multiple organ 
systems included hypophysitis, enterocolitis and 
hypothyroidism [80]. In the ongoing phase III clinical trials of 
ipilimumab, these adverse events are managed using the 
guidelines that specify proactive monitoring and intervention, 
as specified in the individual protocols. Notably, there is some 
evidence, although not conclusive, that these adverse events 
may correlate with tumor response. The possible correlation 
between adverse events and tumor response may be clarified 
upon completion of ongoing larger, randomized trials. 

The above results were prospectively analyzed by the 
baseline histology to determine whether there were safety or 
efficacy differences among patients with squamous-cell 
carcinoma (w = 57) and those with non-squamous carcinomas 
(predominantly adenocarcinoma; n = 146) [81]. Notably, 
compared with patients with non-squamous NSCLC, 
patients with squamous NSCLC exhibited greater 
improvements in irPFS and OS over chemotherapy alone upon 
receiving the phased-schedule ipilimumab/chemotherapy 
regimen (Figure 3) [80]. For the concurrent regimen, irPFS 
and OS were similar among patients with squamous and non- 
squamous histologies compared with paclitaxel-carboplatin 
alone. Adverse event profiles were comparable in tumors of 
squamous and non-squamous histologies. 

Small sample sizes in each histologic subgroup preclude 
definitive conclusions, but the data do suggest that 
ipilimumab, given in a phased schedule with first-line 
chemotherapy (phased-schedule paclitaxel-carboplatin), 
provides greater improvement in individuals with squamous- 
cell NSCLC than in those with non-squamous tumors. 
Although these observations suggest that the timing and 
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Figure 3. Immune-related progression-free survival (irPFS), PFS by modified WHO (mWHO) criteria and overall survival (OS) in the phase II randomized 
study of ipilimumab given either in a phased schedule or currently with paclitaxel-carboplatin in patients with NSCLC, analyzed by histological subtype 
[81]. (Figure adapted, with permission, from Thomas Lynch.) Comparison of the phased ipilimumab arm versus placebo arm. Phased ipilimumab plus 
paclitaxel-carboplatin appeared to have a greater effect on patients with squamous histology than those with non-squamous histology. The hazard ratio 
point estimates for irPFS, mWHO-PFS and OS were significantly smaller with phased ipilimumab plus paclitaxel-carboplatin in the squamous population 
than the non-squamous population; however, small sample size warrants caution in interpretation. 
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schedule of immunotherapeutic regimens with other therapies 
may have an impact on clinical benefit, it is not clear why the 
phased schedule appeared to provide greater benefit than the 
concurrent schedule. The authors on the study suggest that 
the exposure to chemotherapy may have enhanced the 
subsequent activation of T cells by ipilimumab and augmented 
the resulting antitumor response [79]. It is noteworthy that 
concomitant corticosteroids were allowed as premedication for 
paclitaxel infusion in this study, and the extent to which the 
relative timing of paclitaxel therapy (and thus corticosteroids) 
contributed to the differential clinical benefit in the two 
ipilimumab arms is not known, neither is it clear whether the 
phased schedule utilized in this study represents the optimal 
timing and scheduling for ipilimumab in lung cancer. 

This observed clinical benefit led to an ongoing phase III 
trial in squamous NSCLC (ClinicalTrials.gov identifier 
NCT01285609) to determine whether the phased schedule of 
ipilimumab and paclitaxel-carboplatin would prolong OS over 
chemotherapy alone. In this trial, patients are randomly 
assigned to two lead-in doses of paclitaxel-carboplatin 
followed by induction therapy with paclitaxel-carboplatin and 
ipilimumab 10 mg/kg (arm A) or paclitaxel-carboplatin and 
placebo (arm B) every 3 weeks for up to four doses. Following 
the induction phase, patients who experience response or SD 
with tolerable toxicity receive maintenance therapy of the 
blinded study drug (ipilimumab or placebo), every 12 weeks 
until progressive disease or unacceptable toxicity occurs. The 
trial seeks to enroll 920 chemotherapy-naive patients with stage 
IV or recurrent NSCLC of squamous histology. It is hoped that 
this study will further characterize the benefit of the regimen in 
squamous NSCLC, as was observed in the phase II study [79]. 

conclusions 

Improved understanding of the immune profile of squamous 
NSCLC has led to immunotherapeutic strategies, including 
inhibition molecules responsible for abrogating an immune 
response such as PD-1 and CTLA-4. Compared with non- 
squamous NSCLC, squamous NSCLC displays a more 
consistent immune profile, more frequently expresses specific 
tumor antigens and shows more extensive infiltration of CD8+ 
effector cells. 

Among the checkpoint blockade molecules under 
investigation for NSCLC, ipilimumab has undergone the most 
study. A phase II study of ipilimumab in patients with locally 
advanced or metastatic NSCLC demonstrated activity (in 
combination with chemotherapy), while also maintaining a 
manageable toxicity profile. Sub-group analyses from this study 
suggested a greater improvement in patients with squamous- 
cell carcinoma than in those with non-squamous carcinomas. 
It is hoped that further studies in larger number of patients 
will confirm the potential for this agent in squamous NSCLC. 
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Background: Penile cancer (PC) is a rare cancer in western countries, but is more common in parts of the developing 
world. Due to its rarity and the consequent lack of randomized trials, current therapy is based on retrospective studies 
and small prospective trials. 

Design: Studies of PC therapy were searched in PubMed and abstracts at major conferences. 
Results: PC is generally an aggressive malignancy characterized by early locoregional lymph node (LN) spread and 
later metastases in distant sites. Given the strong predictive value of LN involvement for overall survival, evaluating 
regional LNs is critical. Advanced LN involvement is increasingly being treated with multimodality therapy incorporating 
chemotherapy and/or radiation. A single superior cisplatin-based regimen has not been defined. Further advances may 
occur with a better collaboration on an international scale and comprehensive understanding of tumor biology. To this 
end, the preventive role of circumcision and understanding of the oncogenic roles of Human Papilloma Virus-1 6, and 
smoking may yield advances. Preliminary data suggest a role for agents targeting epidermal growth factor receptor and 
angiogenesis. 

Conclusion: Advances in therapy for PC will require efficient trial designs, synergistic collaboration, incentives to 
industry and the efforts of patient advocacy groups and venture philanthropists. 

Key words: biologic agents, chemotherapy, combined modality therapy, molecular targets, penile cancer, radiotherapy 



introduction 

Penile cancer (PC) is relatively rare in the developed countries, 
but higher incidences have been observed in the less developed 
countries. In 2012, 1570 new cases and 310 deaths from PC are 
predicted to occur in the USA, although the incidence declined 



"Correspondence to: Dr G. Di Lorenzo, Genitourinary Cancer Section and 
Rare-Cancer Center, Universita Federico II, Napoli, Italy. Tel: +39-081-7463660; 
Fax: +39-081-2203147; E-mail: giuseppedilorenzoncol@hotmail.com 



from 1973 to 2002 (Table 1) [1, 2]. Conversely, the incidence 
climbs to 8.3 per 100 000 in parts of Asia, Africa and South 
America [3, 4]. 

In a study of registries including 6539 men with PC in the 
US during 1995-2003, Hispanic men had the highest incidence 
rates (6.58 per million) followed by black men (4.02 per 
million), white nonHispanic men (3.90 per million), native 
American men (2.81 per million) and Asian-Pacific Islanders 
(2.40 per million) [5]. The median age of diagnosis was 
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